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 Supercritical fl uid extraction (SFE) was used for fractionation of grape seed to be applied in natural products of the 
food, cosmetic, or pharmaceutical industry. A two-step process was developed, consisting of conventional alcoholic 
extraction followed by SFE with carbon dioxide. The effects of pressure and concentration of co-solvent (ethanol) 
at constant temperature and solvent to feed-ratio were evaluated. The antioxidant activity of extracts and raffi nates 
was measured with the DPPH* free radical scavenging assay. It was observed that supercritical carbon dioxide can 
be used in the described process for fractionation of an alcoholic grape seed extract to obtain a product with 
noticeably high antioxidant activity and a second one with no antioxidant activity or pro-oxidant activity.
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Nowadays, scientists aim to obtain value-added products from waste materials. The 
investigation of new natural antioxidants, especially those of plant origin, has become 
essential due to the restrictions for synthetic antioxidants in food industry, such as butylated 
hydroxyanisole (BHA) and butylated hydroxytoluene (BHT), suspected to be carcinogenic 
(MOLERO GÓMEZ et al., 1996). On the other hand, pro-oxidant agents are promising in 
supplementary treatment of cancer patients (VALKO et al., 2007). 
Grapes (Vitis vinifera) are one of largest fruit crops in the world (JAYAPRAKASHA et al., 
2003), and grape extracts are reported to have several positive effects on human health, 
including antioxidant, anti-infl ammatory, antimicrobial, anticarcinogenic, or cardiovascular 
activity, among others (NAKAMURA et al., 2003). Therefore, there is a growing interest in 
exploiting the potential of this plant product in the food, pharmaceutical, and cosmetic 
industry (JAYAPRAKASHA et al., 2003).
Grape seeds are a by-product from the wine and juice industry, which is disposed of by 
the majority of wineries. Nevertheless, they are rich in phenolic compounds, which present 
positive benefi ts on the human health, such as antimutagenic and antiviral activity or 
inhibition of the oxidation of low-density lipoproteins (LDL) in vitro (FRANKEL et al., 1995). 
Polyphenols, and mainly proanthocyanidins, present the most important group of bioactive 
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components in grape seed, which have a strong antioxidant activity in aqueous systems. 
Proanthocyanidins are oligomers and polymers of polyhydroxyfl avan-3-ol units (catechin, 
epicatechin, and their isomers). These compounds show strong antioxidant activity in aqueous 
systems (NAKAMURA et al., 2003). Other highly active compounds apart from polyphenols are 
found in grape seed, including vitamin E (α-tocopherol), unsaturated fatty acids (mainly 
linoleic acid), or steroids. Grape seed oil is already commercialized as a food and cosmetic 
product, due to its content of unsaturated fatty acids and antioxidants.
In the case of Vitis vinifera grapes, extracts have been proved to be exploitable in the food 
industry (preservation of food products), as well as for nutraceuticals or health supplements, 
due to their wide range of pharmacological action, especially their antioxidant activity. 
In the extraction of nutraceuticals from plant materials, the fi rst parameters infl uencing 
the quality of the product are the plant part used as starting material, as well as the harvest 
season and region. Other variables affecting the process include the solvents, the extraction 
technology, and parameters: size, modifi er concentration, extraction temperature, pressure 
and time and fl ow rate (SOVOVÁ, 1994) used with the type of equipment employed, and the 
crude-drug:extract ratio. In the selection of solvents and entrainers, the Directive 2009/32/EC 
(European Commission, Directive 2009/32/EC, Annex I) must be taken into account. It 
regulates the use of extraction solvents in food or food products. 
Traditionally, the extraction of the grape seed oil is performed with n-hexane (REVERCHON 
& MARCO, 2006), but cold pressing is also applied. Pressurized liquid extraction (PLE) on the 
grape seed oil can be applied as well, allowing to consume less time and use gentle conditions 
(WIJNGAARD et al., 2012). The application of pressurised solvents offers some advantages 
over traditional methods, such as maceration or Soxhlet extraction (DE CASTRO, 2010), 
including enhanced selectivity and rate of extraction, due to the physicochemical properties 
of the solvent, which can be controlled by tuning the temperature and pressure (DOS SANTOS 
FREITAS et al., 2013).
Supercritical fl uid extraction (SFE) is an environmentally friendly alternative, mainly 
because organic solvent clean products can be obtained, and their natural properties are 
preserved due to the moderate temperatures used (MOLERO GÓMEZ et al., 1996). The most 
widely used supercritical solvent for separation of natural products is carbon dioxide, 
typically in the ranges of 10–50 MPa pressures and 35–80 °C temperatures. The most popular 
examples where this process was scaled-up to industry are the decaffeination of green coffee 
beans (ZOSEL, 1981) or the production of hop extracts for breweries (LAWS et al., 1980). Other 
examples include the extraction of spices, aromatic and medicinal plants, or nutraceuticals. 
Nowadays SFE facilities can be found on all continents. The extraction yield of grape seeds 
(Vitis vinifera) with supercritical CO2 leads to lower extraction yields than n-hexane, but the 
quality of the SFE extract is higher. The reason is that CO2 is selective to triglycerides, while 
n-hexane extracts fatty acids, phospholipids, pigments, and other unsaponifi able substances 
together with the triglycerides (MOLERO GÓMEZ et al., 1996; CAO & ITO, 2003).
The fi nal goal of this study was to extract and fractionate antioxidant and pro-oxidant 
constituents from the grape seed using a two-step extraction process involving Soxhlet 
extraction and SFE with CO2, ideally obtaining relevant rates of yield and selectivity. In the 
literature the most relevant example of composed extraction process involving scCO2 is the 
patent developed by CATCHPOLE and co-workers (2007) for Industrial Research Limited, 
consisting of a composed near-critical fl uid extraction process. In this patent a solution 
obtained previously by extracting plant or animal material with an aqueous or organic solvent 
is contacted with a near-critical fl uid to produce a raffi nate phase and a near-critical fl uid, 
both containing compounds of different polarity. 
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1. Materials and methods
1.1. Materials 
Seeds from red Vitis vinifera were kindly provided by different wineries in 2012. The 
moisture-free content of the plant material was determined by the standard gravimetric 
method (EUROPEAN PHARMACOPEIA COMMISSION, 2007). A specifi c amount of the plant material 
was placed in a Petri dish and dried in the oven at 104 °C for at least 48 hours. The moisture 
content is obtained from the mass reduction after drying. The extraction yield of the 
experiments is always expressed on a dry basis of plant material. The raw material (pure 
seeds from the wine industry) was milled in a mechanical cutting mill (model Fritsch Cutting 
Mill Pulverisette 15) up to 1 mm diameter in order to increase the interfacial area and to 
enhance the extraction. In order to avoid excessive warming of the equipment due to oil 
production from the seeds, the milling was performed in two steps: 2 mm and 1 mm sieve 
size. The grapes did not undergo any further pre-treatment before the extractions.
The CO2 for SFE of 99.5 w/w % purity was supplied by Linde Ltd. (Budapest, Hungary). 
All organic solvents were purchased from Molar Chemicals Ltd. (Budapest, Hungary). 
A large screening of different varieties of Vitis vinifera was performed in order to check 
the antioxidant activity of the seed extracts and to select a feasible starting plant material for 
the study. 
1.2. Extraction methodologies
1.2.1. Pilot Soxhlet extraction. Soxhlet extraction was carried out in a pilot plant apparatus 
for extracting the soluble compounds of the milled grape seed, using a solution of ethanol and 
water in a ratio 50:50 (EtOH–H2O 50:50 v/v). The equipment consists basically of a 
thermostated extraction vessel, a reboiler, and a condenser. The drug was weighed (around 
700 g) and placed into the 5 dm3 extraction vessel, then steeped in with the solvent (H2O-
EtOH 50:50). The solvent, extraction vessel, and reboiler were heated up with a steam jacket. 
The extract is collected in the reboiler, where the solvent is evaporated, fl ows through the 
condenser, and is recycled starting a new cycle. During the extraction the solvent fl ow rate, 
temperatures of the solvent vessel and the extractor were measured and registered every 30 
min. Extract samples were taken (15 to 25 g) every 5, 15, or 30 min depending on the extent 
of the process. The evolution of the solid matter concentration was measured by evaporating 
the samples collected during the extraction and comparing the mass of the liquid and solid 
extract. The process continued until the solid content of the extract is less than 0.1%.
1.2.2. Fractionation with supercritical fl uid extraction. Fractionation of the alcoholic 
extract was performed in a pilot-scale supercritical fl uid extraction equipment of 5 dm3 
volume. Before the extraction, the material was mixed with a carrier (cellulose), in order to 
turn its viscous texture into a powdered one capable of forming a porous bed. The matrix 
(hydro-alcoholic extract supported by cellulose) is placed in the extraction vessel. The CO2 
is cooled down to avoid cavitation in the high pressure pump and heated up again until the 
desired extraction temperature. If co-solvent is used, in this case ethanol, it is pumped from 
a separated deposit and mixed in a static mixer before entering the extractor. After fl owing 
through the extraction vessel, the pressure is reduced by means of pressure-reducing valves. 
Temperature, pressure in the extractor and the separator, solvent fl ow, and density of the 
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(scCO2) are measured and registered, and samples are collected every 30 min. The process is 
ended when the extraction yield varies less than 0.1% between two consecutive samples. 
Effect of co-solvent concentration (0–15% EtOH) was studied in detail at constant 
pressure of 30 MPa. In the case of pure carbon dioxide, the pressure was varied stepwise 
between 10 and 45 MPa. The temperature (45 °C) and the solvent fl ow (5 kg CO2 h
–1) were 
kept constant.
1.2.3. Fractionation with conventional atmospheric techniques: Soxhlet extraction and 
packed column extraction. Fractionation of the hydro-alcoholic extract (supported on 
cellulose) with SFE was compared with fractionation by conventional methods at atmospheric 
pressure (Soxhlet extraction and packed column extraction at laboratory scale) with organic 
solvents of different polarity (absolute ethanol, acetone, hexane, ethyl acetate). Soxhlet 
extraction at analytical scale took place in a conventional laboratory equipment described by 
DE CASTRO (2010), using a relationship solvent to feed ratio of 20/3 ml g–1. 
Packed column extraction (THIJSSEN, 1975) took place in a glass column (length 33 cm; 
inner diameter 1.7 cm), where the plant material was placed (hydro-alcoholic extract), 
resembling a simple batch-continuous extraction in a packed bed. Solvent was dropped 
continuously from the top of the column to the solid matrix with a burette. In this method 
room temperature was used, and the solvent fl ow was kept constant. Samples (20 ml each) of 
extract were collected in series in order to check the evolution of the extraction yield with the 
solvent consumption. Extraction was considered fi nished when the apparent colour of the last 
sample was clear enough, therefore, the concentration was 0. Yields were calculated after 
evaporation of the solvent from the united samples.
1.3. Evaluation of extracts
Evaluation of the antioxidant activity of Vitis vinifera extracts and residues obtained by 
different methods was performed by means of DPPH method or free radical scavenging assay 
(MISHRA et al., 2012) using a solution of the free radical in methanol. The reduction of the 
absorbance in solutions with different concentration of target sample was monitored at 517 
nm. A spectrophotometer Camspec M501: Single Beam Scanning UV-Vis was used in the 
analysis. The so-called inhibition coeffi cient (IC50) was used to evaluate and contrast the 
results: the minimum concentration of the sample needed to reduce the absorbance by 50%.
2. Results and discussion
2.1. Selection of the raw material
The antioxidant activity of EtOH Soxhlet extracts (in terms of IC50) is shown in Table 1. 
A large variation can be found in the antioxidant activity within the variety depending on 
region (e.g. Cabernet) as well as within the region depending on the variety (e.g. Villány). 
The V. vinifera grape selected is shown in italics. This selected extract was obtained with the 
mentioned solution of EtOH–H2O. The antioxidant activity of the initial seed extract is 
noticeably higher than the other varieties tested, since the IC50 parameter is lower; therefore 
it is a promising raw material for the study. The moisture content of this grape seed is 
9.51±0.12% (w/w).
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Table 1. Antioxidant activity of Soxhlet extracts (EtOH, EtOH–H2O) from V. vinifera.
Variety Type Harvest region IC50 μg ml
–1
Blauburger Red Villány 7.88 
Cabernet Red Villány > 25.00
Ezerfürtű White Kunsági 8.97 
Kékfrankos Red Kunsági > 25.00 
Rizlingszilváni White Kunsági 7.53 
Cserszegi fűszeres White Kunsági 8.74 
Bianca White Kunsági > 25.00
Tramini Red Kunsági > 25.00 
Othelló Red Villány (Gere) 7.33 
Oportó Red Villány (Gere) 7.90 
Kékfrankos Red Villány (Gere) 9.05
Syrah Red Villány (Gere) 10.45
Tempranillo Red Villány (Gere) 8.32
Cabernet Red Villány (Gere) 7.98
Cabernet Red Gödöllő 10.58
Othelló Red Gödöllő > 25
Rizling Red Abasár 5.0
The lower the IC50 value the higher the antioxidant activity.
2.2. Extraction and fractionation 
The total extraction yield obtained in the fi rst step of the process (Soxhlet extraction with 
EtOH–H2O) was 19.4±1.2% (% g extract/g dried plant material). Extraction curves obtained 
via fractionation of the alcoholic extract supported by cellulose with SFE are depicted in 
Figure 1. Extraction with pure CO2 at pressures less than 30 MPa led to a negligible amount 
of extract (under 1.0%). This value slightly increases with pressure up to 4.4% at 45 MPa. 
Addition of ethanol as a co-solvent led to a more relevant increase in the extraction yield due 
to the variation in the polarity of the supercritical fl uid. SFE experiments with co-solvent 
revealed slightly increasing extraction yields with increasing ethanol concentrations at 30 
MPa, up to 8.0% with 15% ethanol.
0.0
1.0
2.0
3.0
4.0
5.0
6.0
7.0
8.0
0 30 60 90 120 150 180 210 240 270 300 330 360 390
Time, min
Ex
tra
ct
io
n 
yi
el
d,
%
Fig. 1. Extraction curves of SFE on hydro-alcoholic extract (P=30 MPa, T=45 °C)
: SFE_15% ethanol, : SFE_10% ethanol; : SFE_5% ethanol; : SFE_0% ethanol
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The bar diagrams in Figure 2 and Figure 3 show an evaluation of the antioxidant activity 
in terms of the IC50. Values of IC50 below 20 μg ml
–1 were considered a relatively good 
antioxidant activity in comparison with the synthetic antioxidants like BHT. This compound 
was previously measured using the same method, showing a value for the inhibition 
coeffi cient 50 of 5.26±0.08 μg ml–1. SHARMA and BHAT (2009) reported IC50 values of 11.8, 
4.4, and 60 μM for ascorbic acid, propyl gallate, and BHT in methanol, respectively. To the 
contrary, high IC50 values (> 100 μg ml
–1) suggest pro-oxidant activity (CHOUEIRI et al., 2012).
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Fig. 2. Antioxidant activity of Soxhlet and packed column extracts and raffi nates
 :Ethanol–water 50:50; : Ethanol; : Acetone; : Ethyl acetate; : Hexane
In Figure 2 the possibilities of various organic solvents for further fractionation of the 
hydroalcoholic extracts are compared. The product obtained in the Soxhlet pilot plant 
extraction was fractionated by two conventional extraction techniques: packed column 
extraction and Soxhlet extraction (both at laboratory scale and atmospheric pressure).
Acetone appeared to be slightly selective to antioxidant compounds. On the contrary, 
hexane was slightly selective to non-antioxidant compounds or pro-oxidants, as the IC50 
values of the extract in both packed column and Soxhlet extracts are high, compared to the 
initial hydroalcoholic extract. From the results in Figure 3, it can be observed that the 
supercritical carbon dioxide extracts obtained from fractionation of the hydroalcoholic 
extract present high pro-oxidant activity. The residues show relatively low values of IC50, 
showing their antioxidant potential. The IC50 of the extract with pure CO2 is much higher than 
that of the extract with hexane, while the extraction yields are similar. Adding ethanol as co-
solvent to the carbon dioxide increases its polarity and in this case it leads to a decreasing 
selectivity of the solvent. Therefore, the best separation can be obtained by applying pure 
carbon dioxide as extractive agent. 
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Fig. 3. IC50 values of SFE extracts and raffi nates. : raffi nate, : extract
3. Conclusions
The starting raw material, grape seed from Vitis vinifera, is a by-product from industry, which 
is often disposed of by the wineries. The developed extraction process is suitable to obtain 
two fractions with opposing antioxidant activity from the grape seed matrix. This material 
undergoes conventional alcoholic extraction with EtOH–H2O (50:50 v/v), followed by 
supercritical carbon dioxide extraction of the solidifi ed hydroalcoholic extract. Studies of the 
pressure showed increasing yields by increasing pressure at constant temperature, in 
accordance with previous studies on pure Vitis vinifera (MOLERO GÓMEZ et al., 1996; CAO & 
ITO, 2003; FIORI et al., 2010; PASSOS et al., 2010). Experiments with increasing concentration 
of ethanol in the supercritical fl uid at constant temperature, pressure, and solvent-feed ratio 
also resulted in increasing extraction yields. Other authors reported not relevant differences 
in fatty acid composition of extracts from solvent extraction (n-hexane) and SFE (CAO & ITO, 
2003), or those obtained by SFE of grape seeds with sequential fractionation (FIORI et al., 
2010). 
DPPH free radical scavenging assay revealed opposing antioxidant activity of the two 
fractions obtained in the presented two-step extraction process (Soxhlet extraction followed 
by SFE). These products might be exploitable in different ways in the pharmaceutical, food, 
or cosmetic industry as preservants, nutraceuticals or anticarcinogenics among others. 
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